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In the previous letter we reported the effect of substituents on the 

rate of 154s + ,,2s3 reactions of the cyclobutene (I) with 3,6_di(2*pyridyl)- 

8-tetrazine (II), a diene having inverse electron demand. Whereas the g-methoxy- 

compound [Ia] reacts faster than the unsubstituted compound (Ib) by a factor of 

ca 30, the keto-compound [Ic] was slower by a similar amount. It is the purpose 

of this letter to rationalise these effects, using perturbation theory, in terms 

of orbital interactions through space and to make some predictions concerning 

the effects of other substituents. We assume that [g4s + B2,] reactions are 

frontier controlled(l) and that charge control(g), is of secondary importance. 

The dominant interactions then, are those between the highest occupied (HOMO) 

and lowest unoccupied (LUMO) molecular orbitals of the diene and dienophile and 

their symmetry allowed combinations are represented in Figure 1. 

al x =H;Y=OCH, b)X=Y=H 4 x =y=o 

As the diene and dienophile approach one another the HOMO's of both molecules 

are lowered in energy and the activated complex is stabilized. The rate of 

reaction will become faster as this stabilization energy dE becomes more negat- 

ive. Now dE = dEJ,+ dEB where dEB is the stabilization energy of the BMO of 

cyclobutene and dE 
JI 

is the stabilization energy of the HOMO(d) of tetrazine. 
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FIG.1 

The magnitudes of dEB and dE 
J, 

vary inversely with 

FIG, 2 

:he energy difference between 

the interacting MO’s. Application of 1st order perturbation theory(S) to a- 

tetrazine reveals that both J, and $’ are depressed in energy with respect to 

the corresponding MO’s of benzene. The energy separation between B and $’ is 

therefore less than between II* and $ in which case dEB becomes the major term 

in determining(l) the magnitude of dE. A substituent in the g-position of com- 

pound (I) which elevates the EM0 energy of the cyclobutene reduces the energy 

gap between II and JI’ thereby making dE more negative. An increase in rate of 

reaction is predicted. Likewise a substituent which depPe88e8 the EM0 energy 

will cause a decrease in rate.+ 

Consider the methoxy-compound (Ia) 

indicates that the most stable rotamer is 

0-CH3 bond is contained in the molecular p 

A consideration of steric factors 

III) ; the conformation in which the 

ane of symmetry. The two non bond- 

ing atomic orbitals (NBAO) , nl and n2, of the oxygen atom may enter into symmetry 

allowed interactions with the II and II* MO’s of the cyclobutene double bond resp. 

(Fig. 2)(14). AS a consequence of this interaction through space the energy of 

the EMO, EE, is perturbed and the ne; energy is given to the second order(l) by 

E;r 

(HIInl) 

= EII + E, - En1 HIInl = <$B IPIti,l> 

where E 
“1 

is the energy of the NBAO nl of oxygen and H 
““1 

is the matrix element 

of the perturbation. This equation applies to the non-degenerate case. If 

E 
“1 

s EB then Ei P El., and the rate of reaction should increase. If we make the 

approximation [Koopmans’ theorem(5)] that one electron orbital energies are 

t These predictions relate only to electron deficient diene systems. 
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given by the negative of their ionization potentials (I.P.) then En for cyclo- 

butene is -9.43 ev(6) . Substituents having NBAO’s such that En < El., are methoxy 
1 

[I.P. MegEt = 9.81 ev(7)], fluoro [I.P. MeF 12.74 ev(8)], chloro [I.P. MeCl = - 

11.28 ev(8)], bromo [I.P. iPrBr = 10.27 ev(9)] and iodo [I.P. iPrl = 9.47 ev(9)]. - 

IfE >EBthenEi<EB and the rate of reaction should decrease. Two 
“1 

substituents which fall into this category are amines [I.P. Me31J = 7.82 ev(7)] 

and sulphides [I.). Me22 = 8.67 ev(lU)]. The implication that an amine substit- 

uent should retard the rate of reaction of (I) with dienes having inverse 

electron demand is extraordinary and two points must be made. 

(a) We have assumed that the significant change in the BMO energy of 

the cyclobutene is due to orbital interactions through space and that other 

effects which could, for example, alter the values of the coulomb integrals of 

the double bond carbon atoms, are minimal. The fairly large distance directly 

separating the substituent from the double bond (ca 2.211) and the number of 

intervening sigma bonds (four) justify this assumption. Our treatment is inapp- 

licable to such cases as enamines where the nitrogen atom is directly attached 

to the double bond. Indeed it has been demonstrated(l1) that the BMO energy is 

raised (compared with ethylene) for certain enamines. 

(b) Although interaction between the NBAO of nitrogen (nl) with the LIMO 

of cyclobutene results in a depression in energy of the latter, the energy of 

the MO resembling nl is raised. Since this MO contains only a small admixture 

of B it should be of minor importance(l2) in determining the magnitude of dE. 

For the keto-compound (Ic) the IIMO of the cyclobutene may interact with 

both the “Co and “to MO’s of the carbonyl group, the change in energy being 

given by 2 

HBBCO 

2 

Er; - EB = %I - E 

Hnn;o 

“co + EnEll*Co 

The first term is positive and the second is negative Although HMO theory 

would be unreliable in predicting the outcome of this interaction it has been 

shown(l3) using photoelectron spectroscopy that for I-norbornenone the BMO 

energy is lowered (i.e. the second term in the expression is dominant). The 

diminished reactivity of (Ic) is thereby explained. 

Beactions of compound (I) with electron rich dienes, yet to be investig- 
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ated, may be analysed similarly. In this case dEJl is the major term(4) and 

substituents having NBAO's ("2; (III)) of the appropriate symmetry which lower 

the II* energy will cause an increase in reactivity of (I). However these sub- 

stituents (oxygen, Halogens) raise the II * level (Figure 2) and therefore a small 

decrease in rate is expected. Amine and carbonyl substituents which lack an 

orbital of the appropriate symmetry will not, to the first approximation, affect 

the II* level. Their effect on dEn has been discussed (v.8.) and a small 

decrease in rate is predicted. 
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elements Hun 
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